Aims: Dolichocarotids (DCs) represent a rare (2-6%) carotid imaging finding in the general population that may be free of clinical significance or be associated with cerebrovascular events. Their detection is traditionally assigned to carotid echo-color Doppler (ECD) and selective angiography (the standard method). The primary aim of this study was to estimate the sensitivity, specificity and accuracy of ECD in detecting DCs. Moreover, we monitored the DC curvature angle and the incidence of TIA, ischemic stroke, myocardial infarction and cardiovascular death over a five-year followup period. Methods: A total of 112 consecutive patients with DCs (80 men, mean age: 61±7 years) were recruited for carotid ECD and carotid angiography due to the persistence of neurological symptoms not well explained on ultrasound evaluations, according to the current guidelines. Results: ECD proved to have 100% sensitivity in detecting tortuosity and coiling and 96% sensitivity in detecting kinking, with an overall accuracy ranging from 92% to 100%. The specificity was 75% for tortuosity, 91% for kinking and 100% for coiling. During the five-year follow-up period, there was a statistically significant increase in tortuosity (61±11° at baseline versus 81±11° after five years, p＜0.001) and the kinking curvature angle (97±3° at baseline versus 100±3° at five years, p＜0.001), whilst no differences were observed with respect to coiling (136±10° at baseline versus 138±11° at five years, p = ns). Moreover, kinking was found to be more frequently statistically associated with cardiovascular death than tortuosity (p = 0.005). Conclusions: DCs predispose patients to potentially disabling and fatal events. ECD plays a primary role in the detection of DCs and therefore should be considered to be a secure and reproducible technique.
Introduction
Anatomical variations of the internal carotid artery (ICA) (i.e., dolichocarotids (DCs)) represent a rare carotid imaging investigation finding, occurring in 2-6% of patients [1] [2] [3] . Angiographic studies have identified three different types of these abnormalities, defined by Weibel and Fields as follows: "kinking, the most frequent morphological subtype, characterized by ICA angulation ＜90°; tortuosity, with an S-or C-shaped stretch and an angulation ＞90°; coiling, characterized by an elongated carotid tract forming
Methods

Study Design
From April 2005 to May 2007, 2,397 consecutive patients admitted to the Outpatient Vascular Section, Department of Cardiology of Bari University General Hospital were investigated. All patients underwent ultrasound evaluations of the carotid vessels due to mild neurological symptoms or syncope or in order to complete their own cardiovascular risk profile (i.e., hypertension, dyslipidemia, etc.). A total of 233 patients received an ultrasonographic diagnosis of DC according to the Weibel and Fields criteria 7) . ECD examinations of 73 patients outlined clear atherosclerosis signs at the carotid level, i.e. plaques causing vascular stenosis (＞30% detected on high-definition ECD); we excluded such patients in order to have a sample with clean carotid arteries. A total of 48 patients had no indications for further angiographic assessments and were excluded from our protocol. Furthermore, patients with major comorbidities (cancer, major cardiovascular diseases and other pathologies) were excluded in order to avoid the loss of patients during follow-up. Only 112 Caucasian subone or more loops on their transverse axis" [4] [5] [6] [7] . Patients with such variations may be asymptomatic or can develop cerebrovascular symptoms, including: hemiparesis or hemiplegia, with or without sensory deficits; monocular visual alterations; frontal headaches; homonymous field defects, language defects, syncope, confusion and memory loss 8) .
The detection of these carotid abnormalities is based principally on two specific diagnostic imaging techniques: echo-color Doppler (ECD) and contrast angiography.
In the literature, the correlation between DCs and ischemic cerebral events is based on the findings of retro-perspective studies not evaluating the incidence of the latter [9] [10] [11] . Nevertheless, some studies have denied the association between these carotid abnormalities and cerebrovascular events, and the literature debate is still open on the exact clinical role DCs 12) . Moreover, although ECD is a noninvasive and inexpensive technique for carotid artery detection, selective angiography remains the gold standard for assessing such arterial districts 13) . The study aims were to test the sensitivity, specificity and accuracy of carotid-color Doppler in detecting dolichocarotids and to evaluate the five-year incidence of cerebro-cardiovascular disease, transient ischemic attack (TIA), ischemic stroke, myocardial infarction (MI) and cardiovascular death in patients with DCs. T = theoretic vessel direction; R = real vessel direction complete electrocardiogram, blood pressure measurements and assessments of the fasting levels of glucose and plasma lipids were performed two times yearly. We registered no loss of patients during the follow-up period. The general characteristics of the study population are shown in Table 1 .
Study Population
Among a total of 112 patients analyzed (80 men, mean age: 61±7 years), the carotid echo-color Doppler evaluation detected tortuosity of the ICA in 60 subjects (44 men, mean age: 62±6), kinking in 41 subjects (29 men, mean age: 60±8) and coiling in 11 subjects (seven men, mean age: 55±8). At the first observation, the DC curvature angle in each population group was 61°±11° for tortuosity, 97°±3° for kinking and 136°±10° for coiling. At the end of the five-year follow-up period, we recorded the following values of the carotid curvature angle: 81°±11° for tortuosity; 100°±3° for kinking; and 138°±11° for coiling ( Table 2) .
The distribution of cardiovascular risk factors in our study population (Table 1) was as follows: a total of 107 (95%) patients were hypertensive (i.e., a systolic blood pressure [SBP] of ＞140 mmHg and/or a diastolic blood pressure [DBP] of ＞90 mmHg or the use of antihypertensive drugs), including 56 (95%) patients with tortuosity, 40 (98%) patients with kinking and 11 (100%) patients with coiling; 95 (85%) patients were hypercholesterolemic (a total cholesterol level of ＞220 mg/dL or the use of lipid-lowering jects (80 men, mean age: 61±7 years) were ultimately included in the study and underwent carotid angiography evaluations due to the persistence of neurological symptoms not well explained on ultrasound evaluations, according to the current guidelines 14) . The patients finally enrolled in the study underwent carotid ultrasound and carotid selective angiography, and, at the end of the study, we calculated the dolichocarotid curvature angle.
The curvature angle is defined as the angle between the theoretical median vascular axis and the actual vascular axis obtained by drawing a line through two points in the middle of the vessel and then calculating the radius (expressed in mm) respectively on the predolichocarotid vascular segment and the postdolichocarotid vascular segment. According to these measurements, we defined tortuosity as an angle of 45° to 89°, kinking as an angle of 90° to 120° and coiling as an angle of ＞121° ( Fig. 1 and 2) .
The results obtained from carotid angiography and ultrasound were compared in order to evaluate the sensitivity, specificity and accuracy of echo-color Doppler.
The patients were monitored throughout the five-year follow-up period to detect changes in the degree of the carotid artery curvature angle and the occurrence of cardiovascular and cerebrovascular events, TIA and ischemic stroke and underwent complete neurological examinations twice a year by a neurologist in order to establish the presence of clinical signs or symptoms secondary to ischemic stroke. A 
study, the ultrasonographic evaluations were performed by the same operator, who was unaware of the clinical conditions of the patients.
Patients with a short muscular neck, high carotid bifurcation, calcified shadowing plaques, tracheostomy tubes, surgical sutures, postoperative hematomas or bandages, central lines or an inability to lie supine due to respiratory or cardiac disease or to rotate the head due to arthritic disease and those who were not cooperative were excluded from the ultrasound evaluations. The subjects were examined in the supine position with their neck extended and rotated by 45 degrees to the contralateral side. A goniometer was positioned around the neck. Bilateral carotid ultrasound was performed with a high-resolution 7.5-MHz linear array scan head. The common and internal carotid arteries were scanned longitudinally to calculate the "curvature angle" of the vessel that corresponded to the point of maximum angulation of the ICA. The DC images were frozen, printed and recorded using the Sony U-Matic Professional System (Sony Corporation, Japan). The probe position on the goniometer placed around the neck was recorded and calculated.
We reevaluated 30 patients in order to assess the intraobserver variability, which was 0.94, according to the intraclass correlation coefficient (classified as good if over 0.80 18) ).
Carotid Selective Angiography
The angiographic examinations were conducted by the same experienced operator, who was unaware of the ECD data of each patient. We preferred to access the femoral artery in order to more easily perform cannulation of the common carotid artery. In cases of occlusion of the femoral artery or failure of cannulation, we accessed the brachial artery using a 7-French guiding catheter. Following the administration of local anesthesia with xylocaine, we proceeded with arterial puncture. Selective catheterization of both common carotid arteries was then performed. All investigations were conducted on a conventional X-ray drug(s) according to the NCEP ATP Ⅲ), including 49 (78%) patients with tortuosity, 37 (90%) patients with kinking and nine (82%) patients with coiling; 36 (32%) patients had diabetes [defined as a fasting blood sugar level of ＞126 mg/dL on at least two measurements or a blood sugar level during a 75-g oral glucose tolerance test of ＞200 mg/dL or the use of antidiabetic drug(s), including 22 (37%) patients with tortuosity, 12 (30%) patients with kinking and two (18%) patients with coiling; and 51 (45%) patients were smokers (10 cigarettes/day for at least three months), including 24 (40%) patients with tortuosity, 21 (52%) patients with kinking and six (28%) patients with coiling [15] [16] [17] . We used Fisher's exact test to compare each cardiovascular risk factor with each carotid condition ( Table 1) . The choice of the statistical evaluation was related to the small sample considered; for each carotid configuration, the number of patients suffering with the cardiovascular risk factor analyzed was too small in each group to perform a multiple regression analysis. In addition, the samples were homogeneous in terms of the distribution of the cardiovascular risk factors, as the test underlined. In fact, the statistical data showed no differences between groups or among the various configurations of the carotid morphology visualized in our examinations.
The study was approved by the ethics committee of Bari University General Hospital and carried out in accordance with the principles of the Helsinki Declaration. All patients provided their informed consent before entering the study.
Carotid Ultrasound Evaluations
All patients underwent complete ultrasound carotid evaluations using the same carotid-color Doppler ultrasonographer (Hewlett Packard Sonos 1000, Andover, MA, USA). To ensure the blindness of the The numbers are expressed as percentages. versus 138±11° at five years, p = ns ( Table 2) . During the five-year follow-up period, 27 (24%) patients suffered from TIA, while 16 (14%) patients had ischemic strokes. All TIA and ischemic stroke events were contralateral to the detected dolichocarotid site. No patients had multiple abnormalities of the ICA. Furthermore, 25 (22%) patients underwent MI and 17 (15%) patients died due to cardiovascular events. No statistically significant differences were observed in the incidence of TIA, ischemic stroke and MI between the three groups ( Table 4) . Only cardiovascular death demonstrated a higher incidence in the patients with kinking than in those with tortuosity (p = 0.005).
A Cox regression model was fitted to determine the impact of ECD morphology on adverse outcomes, adjusting for the age of the patients at diagnosis. The analysis showed that patients with a kinking morphology had a risk of cardiovascular events two-fold higher (HR: 2.08, p = 0.002) than that of the patients with tortuosity (Fig. 3) . Furthermore, after analyzing each specific cardiovascular event, we found that a kinking morphology was associated with a six-fold increase in the risk of cardiovascular death (HR: 6.06, p = 0.025). No significant differences were observed between the different morphologies with respect to the risk of myocardial infarction, stroke or TIA.
Discussion
Our study aimed to establish the sensitivity, specificity and accuracy of carotid-ECD in detecting dolichocarotids, a disease that is often misunderstood as a rare condition associated with occasional ECD evaluation of the carotid arteries. In this study, the use of a five-year follow-up period allowed us to monitor such patients in order to detect the overall incidence of cerebro-cardiovascular diseases (TIA, ischemic stroke, MI and cardiovascular death).
DCs remain a little known disease associated with several pathologic conditions, and their clinical role is not well established. An excessive length of the angiography system (Polytron, Siemens). The carotid images were obtained on both sides in at least three planes (using 6 mL of contrast agent, flow: 3 mL/s), recorded on CD-R and printed.
Statistical Analysis
The results are presented as the mean±standard deviation or number and percentage of patients. Continuous variables were compared using the paired t -test and frequencies were compared using the chisquare test. The sensitivity, specificity and accuracy in detecting tortuosity, kinking and coiling were calculated. Fisher's exact test was used to compare variables. A Cox regression model was fitted to determine the impact of ECD morphology on adverse outcomes, adjusting for the age of the patient at diagnosis. The proportional hazards assumption was verified according to the log minus log method and by examining the Schoenfeld residuals. The results are reported with hazard ratios (HRs) and 95% confidence intervals (CIs). P values of ＜0.05 were considered to be statistically significant.
Results
Comparing carotid ultrasound measurements with the findings of carotid angiograms, we confirmed the sensitivity, specificity and accuracy of ECD in detecting dolichocarotids. Our analysis showed a 100% sensitivity rate in detecting tortuosity and coiling and a 96% sensitivity rate in detecting kinking, with an overall accuracy ranging from 92% to 100% ( Table 3 ). The specificity of the ultrasound technique ranged from 75% for tortuosity, to 91% for kinking, to 100% for coiling ( Table 3) .
Over the five-year follow-up period we found a statistically significant increase in the curvature angle of carotid arteries suffering from tortuosity (61±11° at baseline versus 81±11° after five years, p＜0.001) and/or kinking (97±3° at baseline versus 100±3° at five years, p＜0.001), whilst no differences were observed in the coiling group (136±10° at baseline have been defined as a curiosity rather than a clinically significant finding 12) . Our study results showed that only tortuosity and kinking may progressively increase with respect to the curvature angle, while that observed in coiling remains stable. Furthermore, comparing the five-year follow-up data for cardiovascular death between patients with kinking and tortuosity, we found a statistically significant increase in this end point in the patients suffering from kinking (p = 0.005). This finding suggests that these conditions predispose patients to potentially disabling and fatal events. Furthermore, we performed a Cox regression analysis to obtain Kaplan-Meier survival curves. The aim was to evaluate the impact of each ICA anatomical variant on the patient outcomes. Surprisingly, we found a two-fold increase in the rate of cardiovascular events in the patients suffering from kinking compared to that observed in the patients with tortuosity (HR: 2.08, p = 0.002, Fig. 3) . Nevertheless, kinking is associated with a greater increase in cardiovascular death than is tortuosity. In fact, we found a six-fold increase in this outcome in patients suffering from kinking compared ICA may be the result of an embryonic development failure with anomalous absorption of the third aortic arch or the upper intersegmental artery with subsequent curving, kinking, tortuosity and looping of the ICA 11, 19) . More frequently, this disease is linked to vascular structure weakening due to hereditary defects or destruction of the internal elastic layer, such as that due to fibromuscular dysplasia, aging or chronic diseases, such as atherosclerosis and hypertension 9, 10, 20, 21) . These carotid abnormalities are related to cerebro-vascular symptoms, although their role in the development of cerebro-vascular events remains controversial.
Mukherjee and Inahar suggested a possible relationship between kinking and hypertension or TIA, while other authors believe athermanous plaques to be fundamental elements involved in the onset of ischemic stroke in patients suffering from carotid kinking 3, 5, 21) . Other studies have argued that DCs predispose patients to plaque formation 12, 22) . Nevertheless, the relationship between DCs and cardiovascular risk factors, as well as cerebral and cardiac ischemic disease, remains controversial, and these abnormalities the use of intravenous contrast and the possibility for procedure-related complications 23) .
Limitations
One limitation associated with our study is related to the angiographic evaluations. In fact, we measured the angles using only ultrasonography. Angiography was used only to confirm the diagnosis of the ultrasonographic data in order to not use quantitative methods of evaluation. Therefore, scatterplots and Bland-Altman plots were not created.
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None to declare. Fig. 4) . Therefore, kinking conditions appear to be much more frequently related to adverse outcomes than tortuosity.
Furthermore, our study confirms the leading role of ECD in the noninvasive evaluation of the carotid arteries. This modality is an inexpensive and noninvasive method comparable to carotid angiography with respect to sensitivity, specificity and accuracy in diagnosing these conditions, providing useful information regarding the morphological configuration and hemodynamic status of the carotid arteries. In particular, our study showed that ultrasound is comparable to angiography in terms of evaluating coiling, with a sensitivity, specificity and accuracy of 100%, and lower accuracy in assessing other carotid abnormalities, as shown in Table 4 . Nevertheless, even when detecting kinking and tortuosity, the use of ECD should be considered, despite its limitations, considering the invasiveness of angiography, the risks associated with 
